Cytokines are key immunoregulatory molecules that regulate T lymphocyte-mediated immune responses and inflammatory reactions. We determined whether there is aberrant expression of interleukin-27 (IL-27) in rheumatoid arthritis (RA) patients and investigated the clinical significance of these changes. IL-27 is a key cellular factor that regulates the differentiation of CD4+ T cells, which can secrete interleukin-10 (IL-10) and interleukin-17 (IL-17) in vivo. Concentrations of serum IL-27 in 67 RA patients, and 36 sex-and age-matched control subjects were measured by enzyme-linked immunosorbent assay (ELISA). Results showed that concentrations of serum IL-27 in all RA patients were significantly higher than in healthy control subjects, and there was a significant and positive correlation between serum IL-27 levels and disease activity in all RA patients. Levels of serum IL-27 in RA patients were significantly correlated with disease activity score in 28 joints (DAS28). Moreover, immunosuppressive treatment with leflunomide downregulated the levels of IL-27 in active RA patients. Therefore, the elevated production of circulating T cell inflammatory factors contributes to the pathogenesis of RA, and serum IL-27 could potentially serve as a new biomarker of RA disease activity.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease that is mainly characterized by chronic inflammation and destruction of the joints [1] . RA is associated with various immunological abnormalities, such as increased numbers of activated T lymphocytes and aberrant expression of inflammatory cytokines [2, 3] . The various pro-inflammatory cytokines secreted by infiltrating macrophages, T and B cells in the synovial fluids and tissues contribute to joint inflammation [4] and play crucial roles in both joint damage and propagating inflammation in RA [5] . Autoimmune diseases are associated with dysregulated immune responses, and it has been suggested that increased expression of immune modulators could facilitate the activation and survival of the inflammatory cells that mediate the development of autoimmune diseases [6, 7] .
The etiology and pathogenesis of RA is not yet fully understood, but it has been confirmed that dysregulated expression of inflammatory cytokines contributes to its occurrence, persistent inflammation and joint destruction. Interleukin (IL)-27 is a novel member of the IL-6/IL-12 family of cytokines that is produced by antigen-presenting cells [8] . Recent studies have described IL-27 as a 
Serum Levels of IL-27
Serum levels of IL-27 were measured in RA patients and healthy controls by ELISA. As shown in Figure 1A , IL-27 was ubiquitously present in human serum, and IL-27 concentrations were significantly higher in RA patients than in control subjects (10.7 (6.2-11.1) vs. 6.2 (4.2-8.9)) (p < 0.001). The levels of serum IL-27 increased with age in RA patients. However, this phenomenon did not exist in the healthy group ( Figure 1B) . The difference was performed in female and male ( Figure 1C 
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Serum Concentration of IL-27 and RA Disease Activity
Concentrations of serum IL-27 exhibited a positive and significant correlation with DAS28 scores in RA patients (r = 0.299, p = 0.039; Figure 2A ). The positive correlation persisted even when we redefined RA patients using DAS28 scores of 4 and 5 (instead of 3) as the cut-off values (all p < 0.05; data not shown). DAS28, T28 and SW28 were higher in active RA patients than inactive subjects. (p < 0.05; in Table 2 ). 
Correlation between Serum IL-27 and RF, Anti-CCP, CRP or ESR Levels in RA Patients
As shown in Figure 2B , levels of serum IL-27 significantly correlated with serum CRP concentrations (r = 0.338, p = 0.014). However, there was no significant correlation between serum IL-27 and ESR, anti-CCP, or RF levels in RA patients (all p > 0.05, Figure 2C -E).
Effect of Immunosuppressant Treatment on the Production of IL-27
Sixteen RA patients with disease activity were recruited after an eight-week treatment with leflunomide (LEF), and we found that serum IL-27 level in all 16 patients were significantly decreased by eight-week treatment (p < 0.01, Figure 3A) . IL-27 levels were decreased by > 30% in most RA patients. Moreover, levels of CRP, anti-CCP and RF, ESR, leukocytes, and scores of HAQ, T28, SW28 and DAS28 in 16 active RA patients were significantly decreased after eight-week LEF treatment (p < 0.05, Table 2 ).
Correlation of Serum IL-27 to Parameters after LEF Treatment
As illustrated in Table 2 , levels of serum IL-27 significantly correlated with leukocytes, Hb, levels of serum CRP and RF, and scores of HAQ, T28, SW28, DAS28 (all p < 0.05). However, there was no significant correlation between serum IL-27 and ESR, and anti-cyclic cirullinated peptide antibodies (anti-CCP) in RA patients (all p > 0.05).
Effect of Immunosuppressant Treatment on the Production of IL-27
Sixteen Figure 3A) . IL-27 levels were decreased by > 30% in most RA patients. Moreover, levels of CRP, anti-CCP and RF, ESR, leukocytes, and scores of HAQ, T28, SW28 and DAS28 in 16 active RA patients were significantly decreased after eight-week LEF treatment (p < 0.05, Table 2 ). 
Correlation of Serum IL-27 to Parameters after LEF Treatment
Discussion
In recent years, many studies have revealed that cytokines play pivotal roles in the pathogenesis of RA. IL-27 is mainly produced by antigen-presenting cells and regulates T differential and function of T cells [18] . Moreover, IL-27 could modulate expression of IL-10 and IL-17 in CD4+ T cells and promote the differentiation of Treg cells and inhibit the generation of TH17 cells [19] . Thus, in autoimmune and inflammatory reactions, IL-27 could act as an inflammatory or anti-inflammatory effector [20] . Recent studies have found that IL-27 could only inhibit the early differentiation stages of Th17 cells, instead of differentiation of mature Th17 cells. Thereby, the efficacy of treatment with IL-27 to autoimmune diseases in which IL-27 Th17 cells participate may be insignificant. Nevertheless, IL-27 can suppress Th2-type immune responses [21] . Previous studies demonstrated that IL-27 induced Th1 response, and activated T cells, nature killer (NK) cells, mast cells and mononuclear cells to produce IFN-γ, IL-1, IL-12, IL-18 and TNF-α inflammatory cytokines in early stages of inflammatory responses [22] .
Platelet count was significantly decreased in the active RA patients group compared with healthy controls. Platelets were identified as vital regulators in autoimmune diseases, especially in RA [23] [24] [25] . Platelets could amplify inflammation in arthritis via collagen-dependent microparticle production [24, 26] . Hyperactive platelets are also responsible for arthritic and cardiovascular implications in RA patients [27] . Platelet activation contributes, along with classical sources, to elevated plasma IL-27 levels [28] . Moreover, mean platelet volume (MPV) reflects disease activity of RA [29, 30] . In addition, the role of Myeloid derived suppressor cells (MDSCs) in Tregs and Th17 cell expansion was 
Platelet count was significantly decreased in the active RA patients group compared with healthy controls. Platelets were identified as vital regulators in autoimmune diseases, especially in RA [23] [24] [25] . Platelets could amplify inflammation in arthritis via collagen-dependent microparticle production [24, 26] . Hyperactive platelets are also responsible for arthritic and cardiovascular implications in RA patients [27] . Platelet activation contributes, along with classical sources, to elevated plasma IL-27 levels [28] . Moreover, mean platelet volume (MPV) reflects disease activity of RA [29, 30] . In addition, the role of Myeloid derived suppressor cells (MDSCs) in Tregs and Th17 cell expansion was inconsistent. Given their role in suppressing T-cell responses, MDSCs have been tested for their capability of preventing RA [31] . Meanwhile, IL-27 could regulate Treg and Th17 cell expansion. Thus, we supposed that MDSCs may have a relationship with IL-27, though this needs further verification.
In this study, we demonstrated that serum concentrations of IL-27 in RA patients were significantly higher than those of control subjects, which is consistent with previous studies [32] [33] [34] . Apart from clinical parameters of DAS28, RF, CCP, ESR, CRP enrolled in the previous study [33] , we added other features such as WBC, PLT, Hb, etc. Additionally, we focused on the alteration of serum IL-27 preand post-treatment. Serum IL-27 levels of 16 active RA patients were significantly decreased in after eight weeks of LEF treatment. Leflunomide was approved by the Food and Drug Administration for the treatment of rheumatoid arthritis (RA) based on double-blind, multicenter trials [35] . LEF is an immunomodulatory drug that may exert its effects by inhibiting the mitochondrial enzyme dihydroorotate dehydrogenase (DHODH), which plays a key role in the de novo synthesis of the pyrimidine ribonucleotide uridine monophosphate (rUMP). Briefly, LEF prevents the expansion of activated and autoimmune lymphocytes (mainly activated T lymphocytes) by interfering with the cell cycle progression [36] . LEF caused a decrease of levels of TNF, MMP-1, MMP-3, IL-6 and IL-10 [37, 38] . Therefore, LEF treatment may regulate serum levels of inflammatory cytokine. Since TNF is a major inducer of IL-27 in antigen presenting cells, we hypothesize that anti-TNF treatment will also downregulate IL-27 in RA patients, but further studies are needed. IL-27 regulates activity of B-and T-lymphocytes. The presence of elevated serum IL-27 levels suggest that IL-27 may play important roles in immunological derangements of T and B cells in RA. However, it is still unclear whether elevation of serum IL-27 level in RA contributes to RA pathogenesis.
Apart from plasma IL-27, RA patients also had significantly elevated levels of anti-CCP, ESR, and CRP (Table 1) . However, they were not ideal biomarkers for disease activity of RA. The positive rate of anti-CCP in RA patients is nearly 80%. In many inflammatory conditions, infectious or autoimmune reactive, levels of ESR and CRP non-specifically elevated.
Previous studies have uncovered that treatment with exogenous IL-27 could alleviate arthritic inflammation and inhibit the defined mediators of inflammation, angiogenesis, cell survival, apoptosis, and tissue damage [39, 40] . Additionally, IL-27 may negatively regulate development of ectopic lymphoid-like structures in RA through controlling effector T cells [40] . Our study unveiled that there is a coherent correlation of IL-27 concentrations with a DAS28 score. Our research data indicated that levels of circulating serum IL-27 could potentially serve as a surrogate biomarker of RA disease activity. To investigate clinical functions of IL-27 more specifically, studies with larger cohorts of RA patients are demanded.
Materials and Methods

Subjects
A total of 67 patients who fulfilled the American College of Rheumatology criteria for RA were included in the study. The group of RA patients included 39 females and 28 males. There were 23 active RA patients in those 67 patients. The RA patients were not complicated with other autoimmune, inflammatory and tumor diseases. The demographic and key clinical information of the patients is summarized in Table 1 . Patients included in this study were recruited from the First Affiliated Hospital of Chongqing Medical University and did not receive any immuno-suppressive or anti-inflammatory drugs for any condition within at least two months before sample collection. The health assessment questionnaire and disease activity score in 28 joints (DAS28) were completed for all patients. Thirty-six age-matched healthy Chinese volunteers were recruited as normal control subjects. for eight weeks. The rest of the seven active RA patients receiving other therapy regimens were excluded from the observation group.
Measurement of Auto-Antibodies
Rheumatoid factor (RF)-IgM was measured using a Beckman Coulter Immunoge800 auto-analyzer (Beckman Coulter Inc., Jersey City, NJ, USA) in accordance with the supplied instructions. Serum concentrations of C-reactive protein (CRP) were also determined by auto-analyzer (Beckman Coulter Inc.). The whole blood erythrocyte sedimentation (ESR) was manually performed via the Westergren method. WBC, Hb, PLT, Leukocyte %, and Neutrophile % were also determined by an auto-blood cell analyzer (Sysmex, Kobe Tokyo, Japan).
Serum levels of anti-cyclic citrullinated peptide (anti-CCP) were measured using an ELIA™ CCP test system (Phadia GmbH, Freiburg, Germany), and samples were analyzed with an ImmunoCAP100 instrument (Phadia GmbH, Freiburg, Germany).
Assay of IL-27
Concentrations of serum IL-27 were measured by ELISA (Bender Medsystems Diagnostics, Vienna, Austria).
Statistical Analysis
IL-27 concentrations did not have a Gaussian distribution; therefore, the Mann-Whitney rank sum test was used to analyze the differences in IL-27 concentrations between patients and controls, and the Spearman's rank correlation test was used to assess the correlations of serum IL-27 concentrations with DSA28, RF, anti-CCP, CRP and erythrocyte sedimentation rate (ESR) levels. Results are expressed as median (interquartile range). All analyses were performed using the Statistical Package for the Social Sciences (SPSS) statistical software, version 9.0 (SPSS, Chicago, IL, USA). p < 0.05 was considered a significant difference.
Conclusions
In conclusion, our study demonstrated that levels of circulating serum IL-27 were elevated in RA patients and were positively correlated with RA disease activity. Moreover, concentrations of serum IL-27 decreased after effective immunosuppressant treatment. Probably, IL-27 is involved in the pathogenesis of RA and could be a potential biomarker for RA disease activity. These findings shed new light on the dysregulation of the immune system in autoimmune diseases.
